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Washed cell suspensions of Clostridium sphenoides degraded the a-isomer of
1,2,3,4,5,6-hexachlorocyclohexane via 8-3,4,5,6-tetrachloro-1-cyclohexene and
the y-isomer via y-3,4,5,6-tetrachloro-1-cyclohexene. Both intermediates were
further metabolized to unknown substances. The tetrachlorocyclohexene inter-
mediates were identified by gas chromatography and mass spectrometry.
The degradation of the y-isomer of
1,2,3,4,5,6-hexachlorocyclohexane (y-HCH) by
a pure culture of an anaerobic bacterium was
first reported by MacRae et al. (4). The bacte-
rium proved to be a species of the genus Clos-
tridium. Since then, reports have described the
metabolism of this insecticide by members of
other bacterial genera (1, 3, 9), fungi (2, 9), and
algae (7).
Attempts to identify intermediates in the
degradation pathway of y-HCH by a Clostrid-
ium sp. (4, 5) were unsuccessful except that
the organism did not appear to produce y-2,3,-
4,5,6-pentachloro-1-cyclohexene. (y-PCCH).
However, Benezet and Matsumura (1) were
able to demonstrate its formation from y-HCH
by Pseudomonas putida. The addition of nico-
tinamide adenine dinucleotide to the culture
led to the conversion of-y-HCH to the a-isomer
(a-HCH) plus y-tetrachloro-1-cyclohexene (y-
TCCH) by the bacterium. These authors
stressed the importance of the isomerization
reaction in the environment. Francis et al. (3)
were also able to detect the formation of y-
PCCH in cultures ofEscherichia coli grown in
the presence of y-HCH. More recently, Tu (9)
reported the degradation of y-HCH by several
fungi and bacteria to 'y-PCCH, a-, (3-, and y-
TCCH, and pentachlorobenzene.
The organism used in this study was a Clos-
tridium sp., used in earlier studies of y-HCH
degradation (4, 5). The objectives of our experi-
ments were to characterize the bacterium more
completely and to identify the intermediates
that are formed when washed suspensions of
this bacterium metabolize a- and y-HCH.
Using the results of morphological and bio-
'Present address: Commonwealth Scientific and Indus-
trial Research Organization, Division of Irrigation Re-
search, Private Bag, Griffith, N.S.W., Australia, 2680.
chemical examinations, classification of the
bacterium to the species level was carried out
by using a computer-coded comparison with the
recorded characteristics of species of Clostrid-
ium (6). The computer analysis showed that the
highest level of agreement (89%) was formed
with Clostridium sphenoides, and the culture
has been lodged under this name with the Cul-
ture Collection of the Department of Microbiol-
ogy, University of Queensland, where it has
been assigned catalog no. UQM 780.
For degradation studies, cell suspensions of
the bacterium were prepared from cultures
after anaerobic growth for 42 h at 300C in a
medium similar to that described before (4),
except that the yeast extract content was raised
to 2%. The cells were harvested by centrifuga-
tion, washed in 0.025 M phosphate buffer (pH
7.1), and finally suspended in the same buffer to
give a suspension having a dry weight (1000C)
value of between 15 and 20 mg/ml. The degra-
dation of a- and y-HCH by washed suspensions
of C. sphenoides in the absence of oxygen was
followed in glass reaction flasks designed so
that oxygen could be displaced with purified
oxygen-free nitrogen. Frequent sampling of the
cell suspensions in the flasks for gas chromato-
graphic analysis was possible via Suba seal
plugs, using hypodermic syringes and needles.
The a- and y-HCH were added to two separate
batches of reaction flasks to give a final concen-
tration of 5 mg/liter in the reaction mixtures,
and the flasks were incubated at 300C. Both
isomers of HCH were obtained as 99% pure
grade from Fluka AG, Buchs, Switzerland.
Extraction of the two HCH isomers and any
intermediates in the samples from the reaction
flasks was carried out using nanograde n-hex-
ane. The hexane extracts were dehydrated over
anhydrous MgSO4 and analyzed by gas chroma-
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tography. Gas chromatographic analyses were
performed with a dual-column Shimadzu model
GC-1C instrument having dual tritium electron
capture detectors. The columns were of stain-
less steel (1.83 m by 3 mm) and packed with 1%
silicone GE XE-60 modified with 0.1% Epikote
(Epon) 1001 on 80/100-mesh Gas Chrom Q (Ap-
plied Science Laboratory). The following chro-
matographic conditions were used: column tem-
perature, 1700C; detectors, 1950C; injection port,
2000C; flow rate of oxygen-free nitrogen carrier
gas, 150 ml/min.
In a typical experiment, the y-isomer was no
longer detectable in hexane extracts after incu-
bation for 2 h. The a-isomer was no longer
detectable after 4 h. As in earlier studies (4, 5),
during the degradation of the HCH isomers,
the formation ofintermediates was indicated by
the appearance of additional peaks on gas chro-
matograms. Intermediate formation from the
a- and y-isomers of HCH (retention times, 24
and 36 s, respectively) reached a maximum after
1 to 2.5 h of incubation. After this, the peaks
due to the intermediates declined, and by 5 h
they had disappeared.
To obtain enough of the intermediates for
chemical characterization, hexane extracts of
the reaction mixtures prepared when the inter-
mediates were in maximum concentration were
pooled and concentrated by solvent evapora-
tion. Mass spectral analysis (70 eV) ofthe inter-
mediates from a- and y-HCH by an AEI MS-20
mass spectrometer linked to a Varian Aero-
graph series 1400 gas chromatograph gave dis-
sociation patterns with fragment ions of me
183, 147, and 111 and peaks of low intensity in
the range of mle 218 to 223. An authentic sam-
ple of -y-TCCH gave a fragmentation pattern
identical to those of the two intermediates, in-
cluding peaks of low intensity at mle 218, 220,
and 222 representing the molecular ion (M+
218, based on 35Cl).
- 2CI
T-HCH
a& -HCH
)' -TCCH
9~ 2C
6 - TCCH
FIG. 1. Degradation of the a- and y-isomers of
HCH to the and y-isomers of TCCH by C. sphen-
oides. Symbols: Chlorine (0); hydrogen (O).
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Retention times of the intermediates and a
selection of authentic substances in gas chro-
matographic columns containing different
packing materials and under different condi-
tions of flow rate and temperature were used to
confirm the identity ofthe intermediates and to
reveal their isomeric forms. The comparison
was carried out using stainless-steel columns of
the following composition and operating tem-
peratures: 1.83 m by 3 mm, packed with 5%
diethylene glycol succinate on Gas Chrom Q
(80/100 mesh) at 160 and 180°C, with carrier gas
flow rates of 80 and 75 ml/min, respectively;
2.74 m by 3 mm, packed with 7.5% silicone GE
Versilube F-50 modified with 0.75% Epikote
(Epon) 1001 on Gas Chrom Q (80/100 mesh) at
170 and 150°C, with carrier gas flow rates of 70
and 31 ml/min, respectively.
Differences between the average retention
times for both intermediates were compared
statistically, and significant differences were
evident for all compounds tested except the
two pairs, y-HCH intermediate and y-TCCH
and a-HCH intermediate and 8-TCCH. From
this evidence we propose that the degradation
of a- and y-HCH by C. sphenoides proceeds via
8- and y-TCCH, respectively (Fig. 1). This
solves the identity of the hitherto unknown
intermediate detected during y-HCH degrada-
tion by Clostridium sp. (4, 5). The formation of
8-TCCH during a-HCH degradation has been
noted previously only in unpublished experi-
ments of Tsukano and Kobayashi, reported by
Tsukano (8). Although y-PCCH has not been
detected as an intermediate in y-HCH degrada-
tion by C. sphenoides, the possibility of its
formation or the formation of y-pentachlorocy-
clohexane, as suggested by Sethunathan et al.
(5), still exists and merits further investigation.
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